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(54) SPEAKER EQUIPMENT AND DIRECTIVITY CONTROL METHOD 

(57)Abstract: 

PURPOSE: To realize the speaker equipment and the 
directivity control method able to control variably and 
optionally not only the directivity in 2-dimension direction 
but also the directivity in 3-dimension through electric 
signal processing. 

CONSTITUTION: The equipment is provided with a 
common input terminal IN receiving a voice signal to be 
sounded, plural speaker units SP1-SPm arranged in a 
line, and plural digital filters DF1-DFm whose filter 
coefficient calculated by the nonlinear optimizing method 
in response to the object directivity pattern of the sound 
radiation by the plural speaker units SP1-SPm are set 
corresponding to the speaker units SP1-SPm while 
being inserted and connected between the common 
input terminal IN and the speaker units SPISPm. 
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tfT^n ^7 4 /V* <0H&#JS#fc**fl*ttB|-C;b'5. 
1H13] *««l:ff5FIR7<f^ (m=9) *>£ 

[014] $1 SUSM©* f-Aglm 20 [Hz] 

[S15JI1 SQSW©^ tf-#3£fi«> 10 0 [Hz] 

[Bi6] ii UttWo* 400 [Hz] 
fc *$ It 5 2 &xtltfo&'*f - y Sr*-t-#tt0 1? fo 5 , 

[01 7 ] mi mm&KDx f-^a© 1200 [h 

[01 8 ] % 1 HffiU&J©* fc°-#^B© 1 4 0 0 [H 
z] K*5tt3 2^7cJg|6H4^^-^Sr*-r#i1fe0T-fe 

[019] Jgl Il&{aj©*fc-#gfi©@*g3i<fc5cj§|6] 

[0 2 0] 3H IIJ£0iJ©;*fc' > -;*;$ie©2 0 [Hz] tw 
fcttS 3*5cJg|6H4^^-^^-r#tt0-efc5o 
[0 2 1 ] 3? 1 HJSfltJcD;* f-*gJB0!) 10 0 [Hz] 

[02 2] Bl^i£l5iJ©^t°-7J^B©4 0 0 [Hz] 

3 ^5EJB(6]tt^^->^-r#tt0T*foSo 
[02 3] Hi HlfcfflO* tr-*gR© 1 20 0 [H 
z] (C*J(t5 3^7cJg|6H4^^-ySr*t#tt0t?fe 

[024] %\ mMmo>X t'-^^gO ] 4 0 0 [H 
z] fc*si*5 3ft5c»l6H4/^->**i-W4ia-C*> 

[02 5] *%W<DB 2 |ll£fi»Jfc:^5 2 fcytmmx M 

[02 6] »2HJtW<D^e , -*»«(OB«3»:5ciSlpI 

> $r^i"(|#t40^fe 5, 
[02 7] »2S6lte»|(O^K , -*R|B(0 2 0 [Hz] |C • 
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[0 2 8 ] %2 mW\<»* t°-*^S<D 10 0 [Hz] 

[0 2 9] H2^JE^C0^f-^^Sc0 4 0 0 [Hz] 

[0 3 0] B2HiS0 , 'J(D^t°-^^{lro 1 20 0 [H 
z] tCjoltS 3»7cf§(S]tt/^-y^^-f#^@T*fe 

[0 3 1] |g2^iSW<OXe-*^c0 1 40 0 [H 

z] K:fcit5 3»7tJ§fitt^-:/£*^40-e;fc 

103 2] *%w<D%3nmnmz>xt°-jjmw:<v- 
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[03 4] ^=*A^tf-*7u>f<0lS||fftfB8f!cO 

[035] &?&xt°-*T (D&iw&iZTfii-wnm 

[03 6] tHM**^#7W©«ftffttK»<Dffl» 
$C#tt0-C'fc5o 

Ai ~A ra • -r-yf 

DF] ~DF m -f^v ; ?/V7-f;v^ 

I N -*iiA^m#JS^ 

SP, SPj ~SP m -^tr-*3.= :7 h 
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(23) 



HiaiB] ¥/&4^5£ 2 6 0 

i^wmjEi ] 

[*fIE*Hfe«B£] 112 5 
[02 5J 

SP, 2 - - 



SP I9 




[#«*tjE2] 

[#uE*t«j«w£] nut 

^K , -*jna*5«ttjf-t«>i8i6ittaid 

[«flF»#©ttll] 
ilAT^SH-i , 

Mffi#iiA;o^t itilS&T. f-*3-= y K-i^BBKilf 
It co B«JSi6rtt/<^-y t(g C-C*B«*a{t#ifefc J: 

fc**fc ^ i * W + 5 * If - * Sflt, 



h V ? *Wc¥ffiBBS£*i*:1g§t<o;x t-*^= 
Aim Zh, ffi flB%$a * t - * a= y Mr «fc 5 
= ■7 MC^LTt^^S^OfVv^A^/V? 

iiA^S^i, 

t> 

HufB^fflA^S^tBfffS^^t 0 -*^-^ hfcOMfcff 

in#m 4 ] *iifs-§-A^ffi^- 1 i£*i££l t)L<li¥ 
ffiBE^J ^tvfc^icco^ f — # J.= -yht c0|S]C0-ttl€;fr, 

14/<* - > KJK t fc itfiiE&x 5? 9 * 7 4 >v 9 <o 7 4 >v 
isf*7 4/U9\z.W>fei-5% l Ub. 

So 

1 0 0 0 ]] 
[0 0 0 2] 

*t*#ftiti-4ttlt"efc5. icoJIfSjttfis HRfcft 

V V % £ V x o fc t> < . * COT. f- * COfflii, 

$f-tftff , -tcOT f-#cof— t"Ti5ffl{cJ:o-c*fe 

y >^^±^cofcJolc:#5tco^|6]lrco^|t1- 
5 «t 5 %JS l6H4ii"5wi:*J*»e)ix5. 



■ a 1 * 1.11. /. a _v- 1 - 



(2-1) 



5 4 5 fc L fc* t°- * r A as $ 4vT v 
(«rM¥ 2-239798 *45t«#flB) , 
[0 0 0 4] 

[3SW&&L4 o k-tZWkM] U6»L***fe» ±12* 
[0 00 5] Lfc#oT, #360]0>BWtt % 2^7C*(fi] 

&3(e 4 t> ft* ic nrgfflft L 5 4 ^ f - * «**>* «k t/*g 

[0 0 0 6] 

»rttt/<# - > k/£ l T*g*ftjg-fk^ft t i •? »tb $ 

ZXffij&ZfoZo 

[0007] *m% 2 (d%wix *«Mti-"*#**« 

BliEIISnfc**^f-*3-=y hi, mflE&ilA^ 
MIEflS©* t y h 4 5 ^fP^ttcO S^fg(6] 

\,x®%.ishz>miiv>T<( t s*fr7<<>\>9h, *mz.x 
[0008] *mm 3 commit. 

*ttfc«|ko^lf-*3L=y ht, WlfcHriiAAiS^i: 
ifcro^f-tfaa? Me43WJc&OB^fifitt^ 



[000 9] *R®4(055Wli, *ii(Sf-AASS^iii 

mm i> l < f±¥isie?ij $ atfcfc&o * t - * a = y h 

7 f -f'^^/i'7-f^«si¥AftiRSix-C3fc5^br-* 
[0 0 10] 

[fiUfl] Hi <WJK4*U4\ #iiA;*jiSm£4;tMx 

tmut © b a Ji issi tt^ ^ - ^ * wm-r 5 fc » © 
b «jg ffijtt^ ^ - > j: ? *ja»ft»{k#«fe t 

SiiS. rcoiplc:, &7 ivy jivtteWmin 
£tltz&X(D7-t°-Z^->y hlZ-%t-X>$fcLXm-t 
btlXtsQ . -^^^7 ^ tdliB^Jt^tt^^ 

-Vfw^-r2.@^7^/P^iC/}5^$^T^5fc 

<o * * -e. tcjgr&itt & j: 9 »a» < 5 r t ^ 

[00 11] ^2©3BWtJ:*ttf, ^tf-*^=^ h 
14, ^^ttSr&LT¥ffifi|l$4x-Ct^. -t 

(6]) C0^T-»4/i<{tiL(OE^(pl Stt*|6]) 

*fi<0}gl6lttSrJP!feLT»*L. «3t$^fc#7^;i/^ 
#.icSr ; S-y r ^^^^7^/P^^|S:^1-5r tlci?) x |g) 

[oo 1 2] ®3©3S9!K:J:ixfi, ^ f-^any h 
(4, ^=*Att*4LT¥ffiEB$*bTV^5. ^Wfc 
ft, ¥ffiEl i7-f^7-f^t (D^\m\z 4 5 

mi kixe-^SBO/J^Sfk^^j://!}. 



(25) 



[0013] »4 0*W»cj:*vtf, «*©ifiD»t>L<fi 

[0 0 14] 

( i ) * 1 Hftffl 

@ l ~0 2 4 fcWWIfcffa* f-*i6aroJB l coHJS 

[001 5 ] Hi \Z7jK-t X o * f-7J^S(4-oco 
*iiA^ft#*^ I N§r^L-Cfct5, i 

■tix-eiifc^ttE*$n, y HSPj ~ 

SP„, tfM*MBft3*i&J: 5fcfcoTif*5. #>§A7J{« 
I Ni»e>#^bT-*a=y hS P] ~S P m ££f 

7 4^9T)?\ ~DF m feiVwixirttJiJiT^Ai 

~A I11 ##*fcT— #3-=:/ hS Pi ~S P m IC-J-t-T- 

Fi ~DF ra lUtt, 3>hD-7lHOfll*l4#* 
«$;M:v*3. :ro§^?rii:t3yhD-7 1 frh 
\*&f4*S9A''7 4n'9B¥\ ~DF m fc-ttl-etlB* 
©7-f^it7-!5'ah i #R£S*k3. 7JA>9# 
m^-9 ah i 14, 2fc*»$ivC*5!>. A** 

k 3 (om^mmz x^xt^v 2 $ tvfc 7 

4 )\<9W&?f-9frWfrff A V9>\>74)\>9T>V\ ~D 
F m KKJ££ft5. 

[0 0 1 6] @2l:/TtJ: 5 K, ^t°-7J3.= 5/ h-SP 

1 ~SP m ytt*tt*M) b«mni 

N-l 



(n) 



= 22 hi 

i = 0 



x 



(n-i) 



[0 0 2 0] T?4^^n5c Lfc^ot, FIR7^/P 
*f4, 7-f A-*#*h i ^SCiia"), ^C07^ 
^Wt*rtti:fclS:S*3!+5it#"et5. 7^? 
&§:hil4, mi3£coj; 9 f-, = > h a-7 1 j5>t>4;L$> 

ft, DSPrtftOV^^ (7-YA-*#,gcU.^;**) fc 

[0 0 2 1 ] 7>7'Ai ~A ra 14, #f>f v'^-f/U 
9DF\ ~DF m OHiyjIf-S-u^/wSr^tr-^asy 
hSPi ~SP n *K»-f5k:je*U"</Hc:J|MBi-5fc 
fccot>coT"fc3 s 

[0022] ^Ltcoflfjfcfcfc^T, 



&*t'-7J3.= s/ hsPj ~S P B ttjif*L< ttP-tt 

sigjc (ps, *j£#jgffl&& mmmv.&m conu 

7-77^=>-*, 7-f"-?, *>-5^f47/t-U 

>V9 J7ti-Z d*ffd>fi, ffl&lc-^Til&ii^ lt 

4V\> H^U^I/^ 5 , h£<@* 

ICJtV^ 0-v?7|c4X^i-5/5\ -ftWiI^j/7^ 

fc5W4IP?lcJ&tttt5;W4, SR^f-^SflOfflii 

|6] (t>L<l47K¥^[S]) , tsXXfzMtimZJjfa (t>L 

[0 0 1 7] 7^-/^7^;^DF] ~D F m (4, r 
H*s9A4i%jQtm£m (DSP : digital signal proce 
ssor) K4!?|pjl£ft, -«tt4E«aiFIR (finite 

impulse response filter) 7 4 A^ TfSj5fc£ft?>o yN 
-K**7«j*tt, H*Sr*l»i-5as, m#Ma<0«f»^ 

ifcsMWKH^aaasrffsaaasj, k (al 

U : arithmetic logic unit. ) £, is— 9~ V7~ fcffl 
flf5fcft©v-7>t (7°n^7i,7J7^^, ife-ftl' 
^^■fctfr^-^Sr^tf) t, «65.5*r 0^9 a* 

&& ( rt"-5ROM (read only memory) , f— ^CO^^^r 
tT^RAM (random access memory) )o&Xf'T — 9 <D — 

B#6<3t&^SrtT5 i^^^t, i>mb<D7-9<D&$:ifr 

[0 0 1 8] m&mF I R7-</^9<Dm7]it^y 
(n) f4, J;<^P5jtvT^5 4 i, X( n ) : A/jff 

f-, hi ( i =0~N- 1 45iE«|!c) Hftfl^, ft 
CO (1) it 

[0 0 1 9] 

mi) 



~ CD 

r, ©JpcO|tJ|^-<5t, ftc0iii9T'fe5 4 ^t'-7J 
7 to&£&faMSUt, &Xt°-j}=L~-y hSPi ~ 

fcibt#^f-A3=7hSPi ~S P ra (OttlT^tE 

#T't3, -tCOfcftlr, ^^t'-TJ^n.y h S P] ~S 
P m fcgsa*tlfcf*>f v ; ^^7^f/P^DFi ~DF„,W 



(26) 



Jif6H4^f?ffiLoo^|5]^g^g[6]tt(r-ife (fi 

T, gtSmfit4#|fc#<#£1-5J§&Kfi, *<7« 
(fcS^li^ft) ailB^I(SH4frii-&-r^7^/v^^ 

[0 0 2 3] <l> ®$iJv'*rA0')«f$ 
01 £^£5 XY^ffi (*¥;*[*]) ±»;JgM1-5 

M 

Hyn (w) = Z Hfm (<u) 
■=l 

[0026] Hfm U) rmSgcOrVv 5 

Hsmn (to) : mflOf-f S^A^ /W(0tH;*jiB 

^bnti otaai.^ ^ □ 7 * -eco£i§Bi$c 

<3> HflfattHyn (to) aSB«J8f8H4K:Hft 

N 

f (o>) - 52 C i 1 1 H y n ( 
n=l 

[oo28] £ ci iifi^icT'*> *) , mmmc 
&M\z.®m-rzm-ct>5 (03, ^^iod . - 

ot*«ftc itt*#4ltii-*JSifiSlH***±«. G 
i fifM i tr*stt3 SffVStt [d B] x*b<o , *&= 
"f*ttfB®Jg^H4^iaa-t-5. JLroggreffittG i fi& 

5±5*fl9KK^i-5«-efc5 (0 3. 0 
0) . 

[0 0 2 9] <4> BaiglfiJtt^-^SrUDli- 

f U) Sr*»{ki-*t>*>*/Wkt5C:i:K:*!i4b*v^ 

ffffHftf (») Srft'J^k-fifEJSlPlttHy n 
U) fcffJIK: J: (03, 1 

0 6, 1 0 7). !+3f*ifett#i«fc*)Ifc#ifefc<fc4 

^B^ftii^r^^yxAt urn, 

Hfm (o>) = Rm a x Cw) • s i 



[0 0 3 3] mc, RmaxU) :HfmU) 

[Rm a x (w) = 2 X r /m] 
r : ^f-*i»b**jS4-C©E(t (01) 
Xm (to) : '<y t — f 
0 m (to) : Xm U) tHfm U) COjjfctS 

<6> * f - ij a x vmt&m<D&mM&H & m n 



SPj ~SP ra CDitu^K^Mr [m] tf)Sg|i£®lt>Tig 

n7*v^&;/j£tu3^lEff-S§-ii, ^f-*7W<0 
UttlSlttHyn U) i: LX t btt CI £ #"C* 5. 

[0 0 2 4] <2> H»|6H4Hyn U) ti&cD (2) 
^T'*fe$tl5 (03, ^xs/Xl 0 5) „ 

[0 0 2 5] 

[&2] 



•Hsmn (to) - (2) 

(«) ffff§9%f U) 11, Sfc£-C**fr$ 

[0 0 2 7] 
[&3] 



) I -G i} ' - (3) 

©5*)> rBroydon-Flethei-Goldfarb-Shamrao ffij *? 
TDavidon-Fjetxher Powell jfej AHJ^L\/\ 
[003 0] 5£ (3) fcfc^T, tt*U:&i«eS*fl* 
C i JSitfSSWfiEftG i fi^fc4-;tfeix5WT' (0 
3, *X s/X 1 0 0 , 101) , ffffiHgfc f U) Srtf 
g-fSlcfi, 4-f, HJIffijttHyn (») Sr*»4itii 
MMC&fcH. HWHyn (to) li, it (2) fc*t" 
i§9, 9*^5?^/V7^^<oeaB8»cH f m U) fci 
V^f-^i^roScWSWoeJiBBftHsmn (to) d> 

[0 03 1] <5> ?4 i SfA>7 4A'f<D&&Bl#H f 

m (») 

[0 0 3 2] 
[$C4] 

n (Xm (w) ) 

• e x p ( j <9m (to) ) — (4) 

(to) 11, ^t'-^yhWDSa, Sfi&fcitWJ 
«»«*»e>o*jBEP (r. e) ii&S:-c4^^tv5 0 

[0 0 3 4] 



(27) 



P (r, 0) = 



2J (ka sinl?) exp(jkr) 



(5) 



k a s i nfl 

{0 0 3 5] J :-<-y±jurm 

k : <**/*n8ft) 

a : ^b'-^rL- - 7 Kong (SS) 
_b!E (5) ^T***^ffiP (r, 0) Sr^f— **5J: 
l«&ft2IS]<0£SH»Hsmn (») iLtffl^5 (0 
3, 7rryf\ 0 3) „ 

[003 6] <7> ( 4 ) 3*;-Ctt&*l&@tNftH f m 
(») (03, Xf-yfl 0 4) fiH£ftfi*Hft-?fc 
T = L • A t 

t-f-5. L : F I R7-f^O# y7** % A 

t : yyy>j>mr8x*h% 0 

[00 3 8] <9> ^(OJ: 5l-LT^f-§-Ma$tvfc-r> 
i £##3 (03, T^y-yfl 1 0) «, i = 1 

rro{f-§-Ma(i, -r v/<^^iS^h ( t ) # 

So 

[0 0 3 9] <10> <9> -&$bfl1tW$l)Ltt h i Sr7^/W 

*«ft£LT£7*>f^*/i'7^/v*fc:KJ£-t-* (0 3, 
^fy/HK 112). EJLh©#a*#«M£n = 
l~NC*t(c< OjSU m>ti1Z7 4 h i £ 

#T r -f ~D F m KR^S. 

[0 04 0] <11> ~CD,t 5l-L-C7^/U^#fCa h i 
^t£££;iifcTW v^A-7^/v*DFi ~DF m 
L, ay ha-7 1 frt>(OmHr&&X hS 

Pi ~sp ra Wis: t-e. 7f-*7W^f>i;-g 

[0 04 1 ] ±f2-iI<D#ILi(c:J:f?*fcP)tufc7^^^ 
«$c« h i S?^/U7-< ;w#DFi ~DF ra \Z& 

feLtzW&n&T 1 ' J ^;V7^f;V^DFi -DF,, coll 
ftSJfcgtettroWfcia 5-013 4*s. x t 

£>co&7sfc°— 7J3.= 5/ Kc^-f^-r^ i?dn\>7 4fl,$ 
<0JR#Srm=l~9-C^UTfeS. #0ICio^T, Al± 
F I R7-f^v^coigtswi s BfiF 1 R7^;^Ctft 

7 ^ A- ? Ojgftfttt aiJiOt7fu^7^^ ©fitfBfc 

[0 0 4 2] fcfc. 05-01 3iC^#t4£W1-6x 

I N}r^^^fe^m-tro2^7c (XYW) 
Jg|6H4^-^Sr«jfittgiJK:«t?UfcE^EBl 4-01 

-o-o-asH'^— >$:^L"CV<5 0 wttfeco0/^ii 

-)->-A>X t- A I- +-»-!»*■*■> -rV-A* t- M- jf Wi-i — /-A* LUTE) I -7-1. , 



5/j»S>> Ctl^^aji7-y^gfm (FFT' 1 ) LT^ 
W>Vl/*£gh( t ) (03, ^777*10 

8) „ 

[0 0 3 7] <8> ft^T\ 04IC^i-J;5tC, <7> "C 
*feb4xfc^ W/K*JSfc;gh ( t ) /ft««>&g| 
4SW( t )Sr*»tt« (03, 7>f7/l 0 9) . ccot 
®W( t ) C0B$KftTfi 

- (6) 

ffirlfc (2 0Hz) d>t><f>J3ft&fftt (1 40 0Hz) 

[0 04 3] «H«r«i«-5fc»t)K % p]C9j@ro 

aUS^I * *- * 7 W <Bfflti&A9 - y £ PI C Jl&gfe 

1 9~B2 4t*t. #H*»fe*>4»SJ:5fc, XY¥ffi 
±, ft4 5° 77l6llCjtl6jttSrt>*), Zf477f6](±W^C0 

LTV 

[0 0 4 4] (id) H?2|gJfetfiJ 

02 5-03 OK, *mWlZ.&%Xt°-ti$iW<Dm2<D 

mmmz^ir* ^mrnma, who**- v& 

(fc-5Wi, te^-ttteg) Kifi!yi]$ix 

t * 5 * t - d r w k#* wzmmt tc mmm-t 

[0 04 5] 025 iZ^-fX 0 fc, * f-TJ^ttli-O 
O^iiA^J^f-a^ I N£;fr LTfc 9 , r co*iIA73ff 
§■»?• I Ni>e>«* (0T'f±9 X 9 = 8lfl) co^t- 
*3.= y hSPii~SP 99 «>-t*J,-eix^*E»$lt. 

#^f-7j3.= y hs Pn-s v^mm%^h X 

a = y h S P j i - S P 99 (Cf i] 5 ##&*&<D{g#iHK li, 
02 5(^-TJ;5l^ (ZTJfS]) «LTZ* 

|6l(Ojt(fiJt4 Sr*^5 /cftcox-f S^^/P7 ^ D F i 
-DFg ^ffi$Jl"C*J9, ^o, rcOxw v ? ^/P7^ 
/l^DFi ~DF 9 oa*S8*^S b^«$ix-C«-^ 

t-7J^-=5/ h s p n ~s pg^mm^mmatm 

*(fi][rY^(6jC0*ll6H4^^1-5fc«)©7 f 'f^^^7^ 
/U^DFn-DFig, D F2l~D F29 - D F 9 i~D F 99 
k*fl?MzW.nffisiZftTz.7y-fAu~Ai$, A 2 i~ 
A 2 9-A9i~A9 9 /5>^$tlT^5. wtv?> ZjjftCDv" 
-iW 1^7 4 /^DF ^ —DFg i y ^(fijCOx -i W/V 
7>f/V^DF n ~DF99(0##14Sr^U/c:it, lo 
CO^. f-* td>Ft LT 1 fScOx ^ y^/P7 ^ ^^fc«tU«7 
>7*jJ5^$HfcC0t^ffiT-fc5 o 0?fU£V^, #r 
-f '^^7^/^DF! -DFg *Jj;WDF n ~DFgg 
iC|±, Sl^JEfJiJ (01) t|5]«Hc, |f-§-^?rj>LT3 

» , L »-i — ^ 1 -A?+£c*^ -V 4^ -/til O I* -fcfr -V -U -7 / ,1 . 
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[0 0 4 6 1 ;fr:x=s/ hSPi ~SP m tt, 2ft 

h !) * ^tttspffiEIBSft-C* f-*7 W LX 

~sp m »±, ffiKit K-*aw»ttSr^ri-5rt 
t-cftEfcSR-t-So ft*J, 02 5lc,THM$iliK:k^ 

[004 7] f-fv'^^^/^DFi ~DF„ li, % 

[004 8] fg(S]tt»J®W^& t . 8! 1 HJ£0iJ i P3«-c 
5fcK^U/c<l> ~<ll>0^flS-C% g|3(07a-(r 
'fSoT^A-^HUh i fcSiHU fcx-f ¥9*74 
,U?DFi ~DF m {C^-TSo 

[0 0 4 9] *fc, ±fS¥Jilr «t o -C#tB 7 ^ 
9&®Lah. i SrK^L^®^ : &7 ? -f *S*A>7 4A>9D 
F| ~DF ra ©EKftJfcgFtt, »lHttfiHr*i»t'504 
-01 2©WSrl8ffli-5. 

[0 0 5 0] ^f-^any h*£9fl. «9<@ 

(o^mmm2 5~H3 1 ic^i- 0 -ixf>©0in±. g& 

J§fitt«:XY¥iB±tt7 5 0 , yz¥HB6 0° , E 
B5*»e>*T (^f-*TU-<[c|fi]^oT) *J*3tfia*± 

Kn-7*eo^i-^*tu5t>oco, 4&Jg])£fcw$ (1 0 
OHzttiS) ^b^Wft*** (1 4 0 0Hz) (dfr/c 

[oo5i] (iii) m3mmm 

[0 0 5 2] 0 3 2lr/T-f"J; 5f-x ^a©^ 

t'-*a=y M^fetftefilcESWcE^tk 0 3 
3 Iw^-fi 5 L-C#^f-*3.= y M^fi 

[0 0 5 3] i^J: /N=*ix^SSro^f-*T 

l±, 03 5K*1-$&^#£goO*fc*-#7 WfcJt^T 
V3/2 = 0. 8 6 6fgc0*#£i&3„ *hT-#3.= 



ft 5. 

[0 0 5 4] 0 3 4I1, -&H-6 1 «©^tr-*3.= y h 
5:^=*AW:EILfc^t-*7H (03 3)tf)fS 

nfF«K*iiws«sc'KH4e!isr^ t tz®x*hzt\ mm 

i*bt>fr%£ o fc, JllS]tt^^^±Pgll)Sicli0 o 
fcLh&itf 3 o° Si±*tiS<iBi8ooHziwt; 

[0 0 5 5] dtUdftU te^KES^t-^TU-f 
W|&£f±, £fh8 1 fi©^tr-*3.=. y 4r<D 
^14120 3 6 fcjj*-*- J: 5 fc, flMttlMfPTOfeJiMft 
m*0° *ft±-C*(il 8 0 0Hzi^ot^5tW(04 5 
° tt±"Cf±l 5 0 0Hz (CiSTtTL* 5o 

[0 0 5 6] roi^l:, MEI^f-*7H 
■Ctt#rtltt«IP BTtBft±IWI*ftK/<? y c % t>> 

[0 0 5 7] /ft}, r-f v^^/V7-f;U^DFi ~DF ra 

HT<I> ~<ll>cOT/v^y XAtaot, fK.B*7-f 
^ittth i Sr^tbLT^x-f ^^^7^/W^DF] 

~DF m {cis^i-^^tfi, J|i, m2co#^JSMtl^l 

[0 0 5 8] 

7 ^ >i>9\zffiM<D%\i>\te/<9->%n%.irZ1tV>(D7<( 

Mmmwfeztizitito, £»©»a^jgisH4ipj»£ 

[0 0 5 9] W,2<DftW\^£thtf., Mm-? h ] J 9*Vi<D 
[0 0 6 0] %3<D%W\Z&htf, ^^ = *i>,^CO¥ffi^ 
^K:Jt^T»fittll!fP^iB4±IRJB*ft«HtS:K<t- 

[00 6 1 ] %4<D%W\Z£M-£. mjKDX 
.-, K*-iS-«a«p»l-*-7,yaiE3S)5P»i-*-? > y, i i-i6it,-* s tt.«vr> 
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im 2 ] i mm\mz>%umm* tr-# 

[03] *%WK&Z>mfa&MWT/i'=r}) 

[04] ^=v^©KI«B|-e&5. 
[05]**fll:#5FIR7-f^ (m=l) fcit/ 

[0 6] #«91fc«3F I R7^W (m=2) 

[07]«SI:«5FIR7^/^ (m= 3) *S«tt^ 

[08] JM&BJfc&SF I R7^^ (m=4) *Sj:tf 
T-7-n /7^^^OJH!Sic^^^tt0Tfe5o 
[09]**WI:fii5FIR7>f^ (m=5) Jfcitf 

[01 0] /fc&l^fc&SF I R7^;^ (m=6) tsi. 

[011] ^it#5F I R7^;^ (m=7) J3«fc 
tf7 t" p / 7 * <0Ji j&ifcJKg £ ^ -fWttia T* h 5 0 
[01 2] *«Mt«5F I R7^/Ui? (m=8) fcj; 

[013] **MK:(S*F I R7^H (m=9) ioX 

[014] m 1 Hl&W©* tf-TJ^gO 20 [Hz] Id 
*5tt5 2 *5c»|pH4^^~>'Sr*i-#ttia^*)5, 

[0 1 5 ] m i iush©* e-*^«© ioo [Hz] . 

[0] 6] II HJSfiFiJO^. f-^fico 4 0 0 [Hz] 

1017111 UteflJ©* t 0 -7JiSg© 1 2 0 0 [H 
z] Kd3»t5 2JJc3cJtlfiltt/^->'S:*-t-*M4ia-efc 

[0 1 8 ] % 1 %W8\<D* t°-77^a<i0 1 4 0 0 [H 

z] fw*3»t5 2^7cmis]tt^^-ysr*i-#tt0-efc 

[019] »l|QS0il©^li , -*3SjB©B«3*7cJg|Bi 
14^^->iSr*1-#tt0T*fe5 o 
[02 0] ig liatWro^ tr-*»H© 2 0 [Hz] IC 

[0 2 1 ] B l Hfe#l©* f-TJ^Eco ioo [Hz] 



*i It 5 3 fc5E8 lSH4>< * - > & *+«H4HI 5 . 
[02 2] &l!*tt(H<0*tf-#*lI<04OO [Hz] 

[02 3] ^1 HiSf*!©* f-7Jj£g© 1 20 0 [H 

z] icisita 3*7c»i6H4^^-y^t-*wta-e*) 

[024] ^1 |£J£0iJ©* t°-jjmm<0 1 400 [H 
z] KJaltS 3ft5c*g|6H4^^->Sr^-r<»ttE-Cib 

[02 5] *%W<om 2 HifcWc&S 2 ft5EK*iJ3!* f 

[02 6] SS2 2Sj^<0*tf-#£H©B83fc5c£A 

[02 7] »2 3IJtMO^K'-*36fl|O2 0 [Hz] 
*HtS 3^5£^f6lt4^^->^*-r#tt0T-fe5„ 

[02 8] %2mmm(Dxt°~*mm<Di oo [Hz] 

[H2 9] fB23mffl©*tf-#3£l!<04 0 0 [Hz] 
Kfc It 5 3 ft Tcfg |6H4/<* - > Z^-tft&m T'fc 5 . 

[0 3 o] %2%Wh<r>?->£--n?kW.v>\ 2 0 0 [h 

z] lc*5lt5 3ft7cJg|«jt4/^->*^i-#tt0T-fe 

[031] H 2 HiSM©* tf-*3Sfl|© 1 40 0 [H 
z] IcjbMtS 3ft7cJg|SH4^^->5r*i-^tt0T*fc 

[032] *&w<Dn3nMM\z&5x¥-*gim<D- 

[03 3] t'-# 7 W©ffig#J fc^ttft 

9J0-C*>3, 

[03 41 ^=#A:R*^-#7W08BtSi*tf§8ft0) 
[03 5] »^tt7t-*7WcEtW^taWB 
[03 6] *&^^f-*7Wc0pHIfii^<Djgft 

ftttttB-cfc*. 

Ai ~A m -7V7 

D F 1 ~DF m • -^-f ¥9A>7 4fr* 

I N-*iiA*«*«^ 

SP, SPi ~SP in •• ^tf-7J3.= y h 

] •••ay h d — 7 
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